ABSTRACT -The harvesting is one of the most critical phases in castor bean seed production system, once physiological quality of the seeds produced in the different types of racemes in the plant can be affected. The aim of this study was assessing physiological quality of castor bean seeds in function of position of the racemes on plant. Castor bean seeds, cv. IAC-226, harvested separately at distinct periods from primary, secondary, and tertiary racemes, or of mixture of seeds originating from the different types of racemes were used. Soon after harvest, the following determinations were performed: moisture content; 1,000 seeds weight; germination; first count of germination; seedling emergence; emergence speed index; and length and dry matter of seedlings. A completely randomized experimental design was used with four repetitions. Data were subjected to ANOVA and means were compared by Tukey test, at 5% probability. The seeds from primary racemes present higher weight and vigor as compared to seeds produced on other types of racemes. Seeds originating from secondary and tertiary racemes present post-harvest dormancy, being this event more evident on seeds originating from tertiary racemes.
Introduction
Some important issues should be considered for a profi table biodiesel production, such as: productivity of the oilseed plant that will be grown; the technology used for its cultivation; the production cost; and the commercial use of by-products generated. Castor bean (Ricinus communis L.) is an oilseed plant with large adaptability to different environmental conditions and its seeds possess from 40% to 60% oil with large industrial application; and may be regarded as the rawmaterial of future on biodiesel production.
In the semiarid region of Brazil, despite the socioeconomic and environmental advantages of biodiesel production based on castor oil, the productivity of this oilseed plant is still low (Freitas and Fredo, 2005) . Therefore, to improve productivity of castor bean crop in that region, further investments are needed in the agronomic research applied to genetic and to quality improvement of this crop seeds.
For guaranteeing quality of the castor bean seeds, the study of optimal harvesting moment is very important, once fl owering and fruiting of the racemes are uneven, and the emergence of infl orescence occurs sequentially. In face of this maturation unevenness, doubts are raised about the harvest ideal period: if the harvesting should be split, reaping the racemes when each matures; or at one single time, after maturation of all racemes. Nevertheless, when harvest is performed at inappropriate moment, losses may occur on physiological quality of seeds as much in function of their permanence in fi eld after physiological maturity has been reached, as through the harvesting of immature seeds. The delay on harvest, after the physiological maturity, implies in serious drawbacks determined by the relatively high exposure of the seeds to the less favorable environmental conditions, as the alternation of dry and humid periods that, combined with high temperatures, may cause fall of physiological potential of seeds. These characteristics may infl uence initial quality of seeds, as well as their storage potential.
According to Machado et al. (2010) the position of fruit on the plant or on infl orescence, or the position of seed in fruit, can also affect quality of seeds due to dormancy. Lago et al. (1979) have emphasized that the castor bean seeds also may present dormancy, whose intensity and persistence depend chiefl y on the cultivar and on seed maturation stage at harvest moment, and that this dormancy is more accentuated on the seeds of tertiary racemes.
Hence, the objective of this study was to assess physiological quality of castor bean seeds, originating from different racemes produced on different positions on the plants grown in municipality of Janaúba, northern Minas Gerais state.
Material and Methods
The fi eld area for production of castor bean seeds was installed at the Experimental Farm of the Universidade Estadual de Montes Claros (Unimontes), in municipality of Janaúba -MG, in January 23rd, 2006. Laboratory analyses were performed in the Seed Testing Laboratory of the Technological Center of North of Minas Gerais (CTNM -EPAMIG) also locate in Janaúba.
The Experimental Farm of Unimontes is located in the latitude 15º49'51.5" S; longitude 43º16'18.2'' W; and altitude 540 m. The mean annual precipitation in the region is of approximately 870 mm and the insolation is of 2,700 hours annually. According to Köppen classifi cation, the climate in this region is classifi ed as Aw -tropical savanna with dry winter. The minimal and maximal temperatures (ºC) and relative humidity (%) recorded during the experiment are presented on Figure 1 . For the experiments, were used seeds of castor bean, cv. IAC-226, which was the fi rst castor bean commercial cultivar with adequate plant height, low branching, with indehiscent fruits, and small seeds, developed by Agronomic Institute of Campinas (IAC) and that presents high potential for production and medium vegetative cycle.
The sowing fertilization was performed according to soil analysis, and following recommendations for the castor bean cultivation (Gonçalves, et al., 2005) recommendations of Mazzani (1983) , the sprinkler irrigation system was used, which was initiated at seeding and was extended until approximately 40 days before harvest. The irrigation was performed during one hour per day, totaling a volume of water equivalent to 800 mm rainfall, which was distributed over a 120 days irrigation period, which comprise almost all cycle of the crop.
The staggered harvesting of racemes was performed at 110, 144, and 178 days after sowing. For this, plants were randomly selected, being the primary racemes harvested at 110 days, the secondary racemes at 144 days and the tertiary racemes at 178 days after sowing. After 178 days, all primary, secondary, and tertiary racemes that had remained on the plants were harvested at same time; this way, the other treatment type used in the experiment (mixture of racemes) was constituted. All types of racemes were collected when circa 100% of fruits were fully ripe, and the seed moisture content was circa 7.0%.
After harvested, the racemes were taken to laboratory where their fruits were manually removed. Extraction and cleaning of seeds were also performed manually, removing empty seeds as well as impurities. To assess physiological quality of these seeds, several different tests were carried out.
Seed moisture content was determined according to Brasil (2009) by using the oven method, at 105 + 3 ºC, during 24 h, with two subsamples of approximately 32 g each, for each of the four replications per treatment. Results were expressed as percentage.
The weight of 1,000 seeds also was determined, using eight subsamples of 100 seeds each per each treatment replication. The seeds were weighed in a balance, with 0.001 g precision. Variance, standard deviation, and coefficient of variation of the values obtained in weighing were computed following the criteria established by Brasil (2009) , and results were expressed in grams.
The germination test was performed with three subsamples of 50 seeds each, per each treatment replication. For that, the seeds of each subsample were evenly distributed on two sheets of Germitest® paper and covered with another sheet previously moistened with distilled water in a volume equivalent to 2.5 times the mass of dry paper. The rolls were then placed into a germinator previously regulated to alternating temperatures of 20 ºC and 30 ºC, under constant light. Counts were performed at the seventh and 14th day after sowing (Brasil, 2009 ) and the results were expressed as a percentage of normal seedlings.
The first count of germination was obtained by counting the percentage of normal seedlings originating from the germination test at seventh day after sowing (Brasil, 2009 ).
The seedling emergence test was carried out in the laboratory under environmental conditions. Fine and washed sand was sterilized in an oven at 200 ºC, during 2 h, and then this substrate was used to fill plastic trays, into which the seeds were sown in rows at 3 cm deep. Immediately after sowing, substrate was moistened until a 60% water retention capacity (Brasil, 2009) . Three subsamples of 50 seeds each were used for each replication of treatments, and results were obtained by counting number of normal seedlings that have emerged at 14th day after sowing. The number of seedling was daily assessed by counting the number of emerged seedlings and that were presenting visible cotyledonal hook until stabilization of germination process; what stopped occurring 10 days after sowing. The emergence speed index was determined according to equation proposed by Maguire (1962) .
At end of seedling emergence test, the length of the normal seedlings was determined using a ruler graduated in millimeters; and afterwards their dry weight was also determined. For this, the seedling of each replication were placed into Kraft paper bags and taken to dry into air circulating drying oven, at constant temperature of 65 ºC, during 72 h, and results were expressed in mg.seedling -1 . A completely randomized experimental design was used with four replications per treatment. Results were subjected to ANOVA and to F test, at 5% probability. When the means were statistically significant by F test, these were then subjected to the Tukey test, at 5% probability. The statistical analysis system SAEG was used (Ribeiro-Júnior, 2001 ).
Results and Discussion
The moisture content of seeds from the primary, secondary and tertiary racemes, as well as from mixtures of racemes, varied between 6.0% and 6.3% (Table 1 ). The rainfall lack and the low relative humidity after physiological maturity, as well as during racemes harvesting may have contributed to these low values for moisture content. In this sense, Gonçalves et al. (1981) and Savy-Filho (2005) , have reported that castor bean seeds meant to storage should have moisture content between 6.0% and 10.0%. This manner, the moisture content found within this study for the seeds were below maximum limit of 10.0%, considered ideal for storage. Machado et al. (2010) and Fanan et al. (2009) have also found mean values for castor bean seeds moisture content that were similar to values found in this study for the seeds originating from primary, secondary, and tertiary racemes, soon after harvest. Coimbra et al. (2007) have emphasized that initial moisture content of seeds is an essential factor for standardization of physiological quality assessment tests to n.s. = Non-significant; * = Means followed by the same letter in line do not statistically differ between each other by Tukey test, at 5% probability.
The results obtained for seeds from primary racemes statistically differed from the results obtained for the seeds produced on the other types of racemes, presenting the highest value for weight of 1,000 seeds (Table 1) . Seeds originating from secondary racemes as well as from mixture of racemes have presented intermediary values for weight of 1,000 seeds. However, the seeds from tertiary racemes have presented lower results (Table 1) .
Similar results were found by Machado et al. (2010) that have stressed that the first racemes emitted by plant display seeds with larger size than the racemes afterward emitted. This is possibly due to the fact that the primary raceme is emitted when the motherplant is very well-nourished and with higher accumulation of reserves to form all seeds of the raceme. According to MarcosFilho (2005) , these ideal conditions decrease as the next racemes are emitted and new seeds are formed. In addition, Schimann et al. (1978) , emphasize that seeds from the primary raceme are of better quality, what is demanded by the own need of subsistence of species, given that the primary racemes are generally better formed and are essential for species maintenance. It is worthy to emphasize that, according to these authors, the seeds of the primary raceme do not present dormancy, as occurs with seeds produced on the secondary and tertiary racemes. Nevertheless, Corrêa et al. (2006) have obtained higher weight for seeds from the secondary racemes in relation to the other two types of racemes (primary and tertiary).
Carvalho and Nakagawa (2000) stressed that not all seeds are formed at the same time; this way, seeds that are formed later are usually smaller or less dense, resulting in less vigorous seeds. These authors still emphasize that the first seeds formed, i.e., those seeds of bigger size are very wellnourished during their development, possessing well-formed embryos and with higher amount of reserve substances and, consequently, are more vigorous. However, these ideal conditions are gradually exhausted, when new racemes are emitted and new seeds are formed (Marcos-Filho, 2005) . Nevertheless, Silva and Marcos-Filho (1982) demonstrated that the mass and size of soybean seeds have not influenced the results of tests carried out in laboratory or the performance of soybean plants in the field.
Considering that within this study the highest values for weight of 1,000 seeds were obtained with those seeds produced in the primary raceme, it should be emphasized that these results agree with those obtained by Carvalho and Nakagawa (2000) . These authors have observed that the values for percentages of germination and vigor of the seeds that were produced in the primary racemes (which are bigger and originated from the first racemes formed) have also shown having the best physiological quality in relation to seeds produced on other types of racemes (secondary or tertiary) ( Table 2 ). In relation to this fact, Popinigis (1985) has commented that, for many plant species, the size of their seeds is an indicative of their physiological quality. Shepetina and Sevast'yanova (1986) emphasized that germination of castor bean seeds is possibly more linked to their density than to their size.
According to Zuchi et al. (2010) , it has been observed a large variability on the size of castor bean seeds; what seems to be correlated as much to genotype of plant as to location of racemes on the plant. In this sense, usually it is verified that the later the racemes are emitted on the plant, smaller will be the size of the seeds produced.
By Brazilian standards for production and commercialization of castor bean seeds (Brasil, 2005) , the minimum germination percentage should to be 80% for basic seeds, and 85% for certified seeds of first and second generations (C1 and C2) and for the non-certified seeds of first and second generation (S1 and S2). Through data on germination percentage presented on Table 2 , it can be verified that these levels were surpassed only for the seed originating from primary racemes. For the seeds originating from the mixture of racemes, the value obtained was of 83%, thus fulfilling requirements for commercialization of basic seeds. Nevertheless, the seeds produced in the secondary and tertiary racemes presented values below minimum commercially demanded standard. Results similar to those found in this study were verified by Machado et al. (2010) that observed higher values for germination percentage in seeds originating from the primary raceme, in relation to the other two types of racemes. In an opposite manner, Fanan et al. (2009) have not found statistically significant differences on germination percentage of seeds produced in different raceme types, when these seeds were assessed soon after harvest; emphasizing that the influence of the climatic factors during the harvest have been compatible with results obtained. Such results show that possibly there are differences among castor bean cultivars in relation to seed germination dynamics, when these are produced in different racemes types on the plant.
The percentage of hard seeds found among the seeds originating from primary racemes, as well as among the seeds collected in the mixtures of racemes was 8% and 3%, respectively (Table 2 ). However, in the seeds from the secondary and tertiary racemes, these values were 40% and 44%, respectively; indicating that these high percentages of hard seeds may be linked to seed dormancy. Lago et al. (1979) have stressed that seeds of castor bean may present dormancy, whose intensity and persistence depend chiefly of cultivar, as well as of maturation stage of seeds at harvest moment, and that this dormancy is more accentuated in seeds produced at tertiary racemes. Nevertheless, Souza et al. (2009) have stressed that seed dormancy has been little detected in the commercial lots of castor bean seeds by them assessed.
By germination test, it can be noticed that values observed for percentage of abnormal seedling were higher for seeds produced in racemes that were harvested together after 178 days (mixture of racemes), as compared to values obtained for the seeds produced in primary, secondary, and tertiary racemes (Table 2) . Possibly, permanence in field of seeds produced in these types of racemes, and mainly for those seeds produced in racemes secondary, after reaching ideal harvest point, has contributed for their deterioration. In this sense, it is essentially important to define the ideal harvesting moment; since it is well known that delays on harvesting of physiologically mature seeds, considerably contributes for their deterioration and consequently for significant losses in their physiological quality.
The seed vigor was little influenced by type of racemes in which these seeds were produced (Table 3 ). There was some statistically significant differences among values obtained for the seeds produced in racemes located in different positions on the plant. The values considered as indicators of vigor that have been found for the seeds produced in primary racemes and in the mixture of racemes, did not differ statistically between each other and were higher than the values obtained for seed produced in the racemes secondary and tertiary; which in their turn did not statistically differ between each other (Table 3) . Nevertheless, for the seedling length variable, no significant effect of raceme types has been detected on vigor of the seeds produced.
The values of first count of germination were 73% and 61%, respectively for the seeds produced in primary racemes or in mixture of racemes (Table 3) . For the seeds produced in the racemes secondary and tertiary, the values were also lower as compared to values obtained for the seeds obtained in the other two types of racemes (primary and mixture of racemes). Likewise, Machado et al. (2010) have not observed effect of position of racemes on the plants of castor bean over seed physiological quality, when these seeds were assessed by test of first count of germination, carried out soon after harvest.
As discussed previously, the low values obtained for the vigor indicators, especially for seeds originating from the racemes secondary and tertiary may also be linked to occurrence of dormancy on seeds. For Fanan et al. (2009) , the dormancy of freshly-harvested seeds may interfere on vigor assessment, not by impeding germination process, but by making it slower.
It is important to emphasize that use of castor bean seeds with high percentage of dormancy leads to flaws on germination and to slow and uneven growth of plants, thus allowing an inadequate distribution of plants in field, besides causing difficulties on controlling weeds and unevenness on maturation; this way, making harvesting procedure more difficult and less efficient (Lago et al., 1979) . 
Conclusions
Castor bean seeds produced in the primary racemes of the plant have higher weight and vigor as compared to seeds produced on other types of racemes.
The castor bean seeds originating from secondary and tertiary racemes show post-harvest dormancy; and such characteristic is more accentuated on the seeds from tertiary racemes.
